Abstract. To accurately diagnose the mechanical failure of fan, the method based on the symmetrized dot pattern (SDP) analysis and improved Back Propagation (BP) neural network is proposed. Vibration signals acquisition of 13 kinds of running states were achieved on the 4-73 No.8D centrifugal fan test rig and the SDP technique was utilized to reconstruct the vibration signals. Then, the features of the SDP pattern of each running state were extracted and the fault eigenvectors based on the multiple feature fusion were constructed. Finally, the sample set of the eigenvectors was trained and tested by the improved BP neural network to diagnose the mechanical failure of the fan. The results show that the fan fault diagnosis method based on the SDP analysis and improved BP neural network can effectively diagnose the category, severity and site of the fan mechanical failures with high diagnosis rate, short testing time and good online diagnosis performance.
Introduction
The running state of the fan has the direct bearing on the safe and economic operation of the power plant, and the reliability, security and economy of the fan depends on the efficient operation, the real-time status tracking evaluation, the accurate diagnosis and repair, thus it has great significance to launch the fault diagnosis research of the fan. There are lots of fault diagnosis methods, but basically divided into three steps: acquisition of the diagnostic information; fault feature extraction; state recognition and fault diagnosis.
Collecting the vibration signal is the most widely used method for fault monitoring and diagnosis currently. It is necessary to analyze the signals after sufficient vibration signals are collected. General signal analysis is mainly in the time domain, frequency domain and time-frequency domain. However, due to the vibration signal generally belong to the non-stationary signal and the signal of interest is low compared to the background noise, general signal feature extraction methods have a large limitation for the fan vibration signal. As a new signal processing method, the symmetrised dot pattern (SDP) analysis can fully describe the characteristic of signal and express it in visual graphics [1, 2] . The technique is particularly effectively compared to other techniques when the signal of interest is low compared to the background noise.
Experimental simulation of fan machinery fault diagnosis
Different mechanical vibration experiments were done on the 4-73 No.8D centrifugal fan test bench of North China Electric Power University. The experiment selected the Schenck Germany IN-81 eddy current displacement probe and the PCB's Model 481 signal filter. Five eddy current sensors were mounted on both sides of the fan bearing. This paper simulates 13 different running states of the fan, which are shown in Table. 1. Each measuring point measured 20 vibration signal samples in each state, that is, a total of 20 5 13 × × vibration signal samples were collected. The sampling frequency is 1600Hz and the speed of the fan is 1200rpm. Bearing loose (all loose light) Different severity and different positions of the bearing loose were simulated by adjusting the tightness of the bolts on the different parts of the bearing.
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Static and kinetic friction (1) The varying degrees of the static and kinetic friction of the single point, multi-point and local face were simulated. 13
Static and kinetic friction (2)
The Method of SDP Analysis
The SDP plotting technique is shown in Figure 1 . 
SDP Patterns of Vibration Signals of Fan
Take =360 / 5 θ°,
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ζ =° and 1 = l , the vibration signals of 13 kinds of fan running states, shown in Table 1 , were analyzed by the SDP technique. Parts of the SDP patterns are shown in Figure 2 . Fig. 2 Parts of the SDP patterns of the fan.
Extract the features of the SDP pattern
According to the value of radius, the SDP pattern is divided into ten regions, shown in figure 3. 
Fault diagnosis based on the SDP analysis and improved BP neural network
The improved BP neural network was utilized in this paper, whose neuron number of the input layer, hidden layer and output layer were 30, 65 and 13. Through training and testing, the results show that the diagnostic accuracy of the network is the highest when the transfer function of the input layer neurons and the hidden layer neurons, the hidden layer neurons and the output layer neurons are tansig(), logsig(). The neural network training method with the momentum term and the adaptive learning rate was utilized based on the supervised learning [3, 4] . The expected error minimum value of the network was le-5. The maximum number of iteration was 2000. The learning rate was 0.01. The Momentum factor was 0.90. Select 130 samples of 13 different states from the 260 samples as the training samples; and the remaining 130 sets of fault eigenvectors are used as test samples to input the improved BP neural network for diagnosis. the accuracy rate of fault diagnosis is 100%, shown in Figure 4 . Fig. 4 Fault diagnosis result based on the SDP analysis and improved BP neural network
Summary
The fan fault diagnosis method based on the SDP analysis and improved BP neural network can effectively diagnose the category, severity and site of the fan mechanical failures with high diagnosis rate, short testing time and good online diagnosis performance.
